The Solar Wind ANisotropies (SWAN) all-sky hydrogen Lyman-alpha camera on the SOlar and Heliospheric Observer (SOHO) satellite observed the hydrogen coma of comet C/2017 S3 (PanSTARRS) for the last month of its activity from 2018 July 4 to August 4 and what appears to have been its final disintegration just 11 days before its perihelion on August 15. The hydrogen coma indicated water production had a small outburst on July 8 at a heliocentric distance of 1.1AU and then a much larger one on July 20 at 0.8 AU. Over the following two weeks the water production dropped by more than a factor of ten after which it was no longer detectable. The behavior is reminiscent of comet C/1999 S4 (LINEAR) in 2000, which had a few small outbursts on its inbound orbit and a major outburst at a heliocentric distance of about 0.8 AU, which was close to its perihelion, followed by its complete disintegration that was documented by several sets of observations including SWAN. C/2017 S3 (PanSTARRS) however had a much larger water production rate than C/ 1999 S4 (LINEAR). Here we estimate the size of the nucleus of C/2017 S3 just before its final outburst and apparent disintegration was estimated using the total amount of water produced during its last weeks for a range of values of the refractory/ice ratio in the nucleus. We also determine the size distribution of the disintegrating particles as the comet faded.
Introduction
The discovery of comet C/2017 S3 (PanSTARRS) was reported by Wainscoat et al. (2017) using the 1.8-m PanSTARRS telescope on September 23, 2017. Its orbit showed it would have a perihelion distance of 0.208 au on August 15, 2018. Visual magnitudes (Lehky et al. 2018 ; see also Yoshida 2018) show likely outbursts around July 4 and July 20, 2018, followed by a large drop in brightness of 2 to 3 magnitudes after that despite the comet's continued decreasing heliocentric distance on its way to perihelion. This would indicate a likely complete disintegration of the nucleus. Later reported visual magnitudes are likely just the dispersed dust cloud. According to the IAU Minor Planet Center (https://www.minorplanetcenter.net/) the comet's original semi-major axis, a 0 , is negative or slightly hyperbolic, but within uncertainties yields a lower limit of 92500 AU or a value of 1/a 0 of 0.0000108 putting it well into the normal dynamically new category (A'Hearn et al. 1995) coming from the Oort cloud.
Previous comets have had major outbursts, having thrown off fragments and a few have totally disintegrated. Comet C/1996 B2 (Hyakutake) had a major outburst event releasing both large fragments seen drifting anti-sunward over the following days (Harris et al. 1997; Rodionov et al. 1998; Desvoivres et al. 2000) . The collection of smaller fragments released produced a halo of small fragments that greatly, but temporarily, increased the gas production rate, which returned to normal levels after a few days (Schleicher et al. 1998; Combi et al. 2005) . Recently comet C2012 S1 (ISON) was widely observed because of its predicted perihelion distance of only 0.0124 AU, or ~2.7 solar radii from the center of the Sun. The nucleus did not survive its close passage to the Sun.
Comet C/1999 S4 (LINEAR) had been observed by a wide range of observatories and rather continuously over its whole apparition because of its predicted perihelion distance Bockelée-Morvan et al. 2000; Farnham et al. 2000; Mäkinen et al. 2001) . Like 2017 S3, it was a dynamically new comet and also similarly completely disintegrated on the inbound leg of the orbit when it reached a heliocentric distance of ~0.8 AU.
Observations and basic analysis
The Solar Wind ANisotropies (SWAN) instrument on board the SOlar and Heliospheric Observatory (SOHO) satellite is a far ultraviolet all-sky camera sensitive to the hydrogen Lyman-α emission. It was designed for SOHO to be sensitive to the fluorescence excitation of the Lyman-α emission of the atomic hydrogen atoms that stream through the solar system from interplanetary space (Bertaux et al. 1995) . Maps of the whole sky, nearly 4π steradians, provide a 3-D image of the solar flux that leaves its signature in the loss of the streaming interstellar hydrogen that make up the interplanetary background. Because it is sensitive to H Lyα emission SWAN also serves as an excellent observatory for the fluorescence emission of the large hydrogen comae of comets that is produced by the photodissociation of H 2 O, the typically most abundance volatile constituent of comets (Bertaux et al. 1998 ). As such, SWAN has observed over 60 comets in the past 21 years from which water production rates have been calculated (Combi et al. 2019) . Because SOHO is located at the Earth-Sun L1 Lagrange point, comets of sufficient brightness in the entire sky can be observed in either the northern or southern hemisphere with none of the typical Earth horizon limitations from groundbased or low Earth orbit based observations. SWAN has only moderate exclusion zones around the location of the Sun as well as regions obscured by the spacecraft itself in the general direction of the Earth as seen from L1.
SWAN is now operated in a largely automatic mode scanning the entire sky with its 25 x 25 1 arc sec instrument field-of-view pixels every day. SWAN is in two parts, with one covering essentially the north heliographic hemisphere and the other covering the south. Images of comets are identified using their orbital elements. Water production rates are determined using our time-resolved-model (TRM), which is described in detail in the paper by Mäkinen and Combi (2005) , using a combination of methods from Festou's (1981) vectorial model, the syndyname model of Keller and Meier (1976) , and the Monte Carlo particle trajectory model of Smyth (1988a, 1988b) . The H Lyα coma is typically captured in an 8-degree circular field of view where field stars are manually masked and the model fits both the comet's hydrogen distribution and the underlying interplanetary hydrogen background. Depending on a number of circumstances, including the concentration of background stars, the solar elongation angle, the brightness of the interplanetary H Lyα background, which is not a constant, and apparent cometary dust to gas ratio, comets with visual magnitudes brighter than magnitude 10-12 are usually detectable in SWAN so that water production rates can be calculated.
Water production rates are calculated for each image, but because of the filling time of the field of view by hydrogen atoms the production rates can represent an average over the previous 2-3 days, depending on the geocentric distance. However, if a comet is bright enough and spatially extended, a feature of the TRM, which simultaneously analyzes the various locations in the hydrogen coma in all images at the same time, is used. It deconvolves the temporal/spatial information inherent in the coma accounting for the time to produce H atoms by the photodissociation chain of H 2 O and OH as well as the transit time of H atoms in the coma. From this daily-average water production rates from the vicinity of the nucleus are calculated. See Combi et al. (2005) and Combi et al. (2014) for examples of its use. SWAN observations of comet C/2017 S3 (PanSTARRS) were obtained from 4 July through 5
August 2018. The observational circumstances, g-factors, single-image water production rates and formal 1-σ uncertainties resulting from noise in the data and fitting procedure, are given in Table 1 .
Expected Total uncertainties resulting from a combination of calibration and model description and parameters are expected to be on the order of ~30%. The g-factors are calculated from the composite solar Lyα flux data taken from the LASP web site at the University of Colorado (http://lasp.colorado.edu/lisird/lya/). The value from the face of the Sun seen by the comet is taken from the nearest time accounting for the number of days of solar rotation between the Earth and comet locations. The shape of the solar Lyα line profile is taken from observation of Lemaire et al. (1998) . Notes to Table 1 . Date (UT) in 2018 r : Heliocentric distance (AU) Δ: Geocentric distance (AU) g: Solar Lyman-α g-factor (photons s -1 ) at 1 AU Q: Water production rates for each image (s -1 ) δQ: internal 1-sigma uncertainties Figure 1 shows two versions of the variation of the water production rate as a function of time in days from perihelion. The diamonds give the individual single-image production rates; these are the water production rates using only data from each image. Because of the filling time of the hydrogen coma, the single-image production rate averages out the water production rate over the previous 1-3 days, depending on the observational geometry, and tends both to delay and to decrease the magnitude of any rapid changes in production rate like outburst timing and magnitude. For that reason we used the capability in the TRM to analyze the whole sequence of images together, the inversion of which extrapolates the water production rate from the vicinity of the nucleus by accounting for the dissociation times of H 2 O and OH as well as the transport time of H atoms from the inner to outer coma. These values are given in Table 2 and also shown in Figure 1 as the histogram values because they are averages over each day. These so-called deconvolved daily-average values show the outburst started a few days before being visible in the single-image values. However, it is worth noting the uncertainties are much larger because 2017 S3 was neither very bright nor had a very spatially extended coma. Because of the large uncertainties we continue to use the original single-image production rates in the rest of the quantitative physical analyses.
Adopting the method of Cowan and A'Hearn (1979) we have calculated the total active area from the production rate assuming a rapidly rotating sphere or spheres in the case of a distribution of sources, water sublimation and a visual geometric albedo of 0.04. The active area as a function of time is shown in Figure 2 . The active area on day -45 with respect to perihelion was 5.5 km 2 . If that corresponds to production from a single spherical nucleus without an extended icy-grain source, it implies a minimum radius of 660 m, assuming the comet is 100% water with only a small enough amount of dark material to make the surface albedo low. Of course it is possible that the nucleus was already surrounded by a halo of sublimating particles by that date, in which case the nucleus is likely much smaller. Δ: Geocentric distance (AU) g: Solar Lyman-α g-factor (photons s -1 ) at 1 AU Q: Daily-Average Water production rates (s -1 ) from the TRM δQ: internal 1-sigma uncertainties Integrating the total water mass loss over the observation period beginning on the day of the final outburst yields a value of 1.76 x 10 9 kg. If the total active area on day -45 does indicate sublimation from a single nucleus, then the total mass for a water-dominated nucleus of density 533 kg m -3 (Pätzold et al. 2016 ), a radius of 660 m, which corresponds to the active area for a nearly pure water spherical nucleus, would be 6.4 x 10 11 kg. However, given the total water mass loss over the observation period, the radius of a single nearly pure water nucleus of the same bulk density would be only 92 m. Based on the level of production rate before the outbursts and the similar range of heliocentric distances, the size the active area of C/2017 S3 (PanSTARRS) is similar to that of C/2012 S1 (ISON) before its final runaway loss at much smaller heliocentric distances. However the total water mass loss of 2017 S3 through the end of its disintegration was almost an order of magnitude less than that of 2012 S1. In this sense, 2017 S3 appears to be much more similar to the other spectacularly lost comet 1999 S4 (LINEAR) which completely disintegrated at larger heliocentric distances of about 0.8 AU (Mäkinen et al. 2001 ). An alternative possibility is that 2017 S3 disintegrated into a number of larger chunks of the nucleus, which are only producing water by sublimation at a low rate.
1999 S4 was a smaller comet with a much lower production rate than 2017 S3, having a maximum production rate of 3.6 x 10 28 s -1 at the peak of its last outburst compared with 8 x 10 28 s -1 .
Furthermore, 1999 S4 lost 6.3 x 10 8 kg of water in its final disintegration or roughly 1/3 of the mass 2017 S3 lost. The active area of 1999 S4 was about 1 km 2 compared with 5.5 km 2 . Based on the amount of dust scattered continuum after the break-up of 1999 S4, Farnham et al. (2000) suggested that it was originally a very ice-poor and dust-rich comet, so there was little ice to provide cohesiveness to keep it together or to continue sublimating for long after it disintegrated. They also suggested that 1999 S4 was already shedding icy particles long before the final disintegration. The case could very well be similar for 2017 S3 so that it was shedding sublimating icy particles from before the beginning of the SWAN observations meaning that the 660 m radius, or even a somewhat larger value after accounting for a more substantial dust/ice ratio, is much larger than the original size of the nucleus. Overall comet 2017 S3 might be simply a larger and more active version but otherwise very similar to 1999 S4. The various results regarding mass loss and active area size are summarized in Table 3 .
It is clear that f=1 is only meant as a limiting case for only a very small amount of remaining refractory material containing little water. The value of 1/3 is at the average of the results obtained by the Rosetta gas instruments and dust instruments and seems reasonable for most comets, especially a dynamically new comet like C/2017 S3 (PanSTARRS). A value of 0.1 as implied by the Rosetta dust instruments is probably an extreme upper limit and would imply large values for the nucleus size and total mass.
Another comet that appeared to have an episode of icy-chunk/grain breakup as it approached perihelion was comet C/2014 Q1 (PanSTARRS) as described by Combi et al. (2018) . It was not a dynamically new comet having an initial semi-major axis of 825 AU. With a perihelion distance of 0.314 AU, its average active area was 9.6 km 2 before perihelion assuming water sublimation. When it reached a heliocentric distance of about 0.7 AU, its production rate increased dramatically with an active area that increased by nearly an order of magnitude, indicating that it was continuously shedding material in the form of smaller particles, grains and chunks that subsequently sublimated. It continued with this elevated production through perihelion until it reached an outbound heliocentric distance again of about 0.7 AU, at which time the activity settled down more constant average active area of 4.9 km 2 . Taken at face value this was consistent with 2014 Q1 lost roughly half its radius of material with a total water mass of 3.1 x 10 11 kg, much larger than either of these other disintegrated comets, but it did not completely disrupt or disintegrate. Following the approach Mäkinen et al. (2001) applied to the SWAN observations of 1999 S4
(LINEAR) we have calculated the distribution of sublimating icy particles produced during the final outburst on July 20 that would explain the rest of the water production rate variation. See the Appendix for the detailed quantitative description. Unlike the results for 1999 S4 that reproduced the production rate variation with a particle size distribution N(R) dR ~ R -2.7 , where R is the radius of the particles, we find for 2017 S3 (PanSTARRS) that we require a distribution much more heavily weighted toward the smaller particles with an exponent of ~ -5.0. The size range is between 0.3 to 4 meters in radius assuming dark spherical particles. The disintegration activity is shown in Figure 3 along with the observed variation of water production rate following the final outburst.
While there could be a fundamental difference between particles released through normal comet activity of somewhat processed short-period comets like 67P and 103P and the more violent release during the total disruption of the nucleus of a dynamically new comet like 1994 S4 or 2017 S3, we can compare those here. The size distributions of particles in different comets vary widely, from the exponents of -2.7 and -3 found by Mäkinen et al. (2001) Ott et al. (2017) showed irregular dust mass distributions for large particles in a limited range of sizes. Measurements of small particles with sizes less than 1 mm with the Rosetta dust instrument GIADA report a changing power index of -2 just beyond 2 au to -3.7 at perihelion (Fulle et al. 2016) .
Biver, Crovisier and Colom (2019, private communication) reported observing OH in comet C/2017 S3 (PanSTARRS) with the Nançay radio telescope on 20.5 July 2018 during the outburst and getting a production rate for OH of 1 -1.6 x 10 29 s -1 not accounting for, and accounting for, quenching, respectively. This is somewhat larger than either the single-image (6.2 x 10 28 ) or daily-average deconvolved (7.3 x 10 28 ) found with SWAN, but it is possible with a smaller effective aperture and observing OH which has a shorter lifetime, the difference is due to the time averaging inherent in the SWAN measurement. They also reported that it was either not, or barely detectable before this on 14-They also reported visible range spectra that showed emissions of C 2 and CN with the C 2 /CN ratio being higher than typical. They also reported an earlier outburst around July 3 to July 5, which coincides with the earlier SWAN observed outburst. Figure 3 . Water production rate of C/2017 S3 (PanSTARRS) compared with sublimation of particles after a fragmentation event on 20 July 2017. The points give the SWAN water production rates and the line gives the fragment sublimation model with a size distribution favoring the 0.3 m particles with a power law exponent of α=-5 and a total mass production of 1.76 x 10 9 kg. The particles range in size from 0.3 to 4 meters) with a bulk density of 533 kg m -3 (Pätzold et al. 2019 After the 20 July outburst the water production rate dropped precipitously by more than a factor of 20 over the following two weeks despite the comet's heliocentric distance decreasing from 0.8 to 0.45 AU.
This indicated that the comet was completely disintegrating with a behavior similar to that of comet 1999 S4 (LINEAR) in 2000. The water production rates and final disintegrated mass of 2017 S3 were a factor of almost 3 larger than 1999 S4. While the spectacular outbursts and disintegration of 1999 S4
were widely observed by both ground-based and space-based observatories, like HST, fully documenting the final dispersal of fragments , 2017 S3 was unfortunately not well observed. However, the behavior documented by the SOHO SWAN observation indicates that 2017 S3
would have been similarly spectacular.
particles of size class i. For each size class the rate of change of production rate due to sublimation is given by
where Q i is the production rate in s -1 , u is the atomic mass unit, 1.66 x 10 -27 kg, N A is the Avagadro number, 6.022 x 10 23 mol -1 , F S is the solar constant, 1365 W m -2 , A is the visual geometric albedo, assumed to be 0.04, ρ is the bulk density of the nucleus taken to be 533 kg m -3 (Pätzold et al. 2019) , L is the latent heat of water ice, 50 kJ mol -1 , r is the heliocentric distance in AU (see Table 1 ). As these particles sublimate (decay) in time they produce the water observed in the last two weeks of SWAN measurements. The total integrated production rate of water from day -26.079 to -11.964 is 1.76 x 10 9 kg. The best power law exponent, -5.0, is rather steep indicating a distribution highly peaked at the small end of the distribution of particles. Because of the daily time sampling and large aperture of SWAN particles we are not sensitive to particles much smaller than 0.3 m, so the size distribution corresponds to particle in the size range from 0.3 m to 4 m and with the steep slope found is heavily weighted to particles closer to 0.3 m. Chunks of this size are similar to those seen in 103P/ Hartley 2 by EPOXI (Hermalyn et al. 2013 ) and in 67P/Churyumov-Gerasimenko (Argawal et al. 2016) by Rosetta OSIRIS. The sum of the initial production rates for the particle size classes is 6.20 x 10 28 s -1 . This would be consistent with the drop in production rate seen by SWAN over 2-3 days after the outburst.
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